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The Industrial Design Group wanted 4 variable Top light to illuminate the 
keyboard buttons on the new HDTV as a selling feature. The Top Light is 
basically a blue LED which is focused into a lightpipe Which illuminates a series 
of user buttons on the TV. Due to the Top Light feature being added at the 
instrument level after the controller is built, it is essential that the presence of the 
Top Light LED be automatically detected. Once detected, a 'Top Light Control 
Menu** is added to the normal list of User features in the TV Menu System. The 
Control Menu allows the User to select a minimum of 7 different brightness 
levels 
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multiple button illumination, variable intensity lighting, feature autodetection, LED 
control 



The proposed circuitry inexpensively detects the presence of an LED and drives a 
minimum of 7 intensity levels on the same wire. The circuit uses either 3 general- 
purpose I/O pins or a D/A to control the 7 levels of intensity. 




Variable lighting of the keyboard buttons is new as far as I am aware. The circuit for 
providing the levels is not new; the combination of the autodetect and variable level 
on a single wire is new as far as I am aware. 



Other implementations of features use Eeprom options to enable them. This presents 
a problem on the production line if a controller fails after the Eeprom option has been 
set. It requires that the state of the Eeprom be checked even if a feature is not present 
on the instrument It is also a problem with the warehouse since two versions need to 
be stocked. 




Operation: 

The basic circuit consists of detecting the presence of an LED, adding a menu item 
for the customer to be able to vary the intensity of the LED and controlling the 
various levels all with a single wire connecting between the external keyboard and the 
controller. 

The basic circuit is shown in figure #3 at the end of this document. LED1 i$ powered 
by a 5 V Standby supply to allow the Top Light to illuminate the keyboard with the set 
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on or off. R4 is an BSD/surge protection resistor to limit the current in the LED 
either during an ESD discharge to the keyboard or to limit the current in the LED 
should the cathode of the LED be inadvertently grounded. R7 is an optional resistor 
to reduce the brightness variation. C2, FBI and R3 are ESD protection components 
to protect transistor Ql. Typical values are lOOOpF for CI, 100 ohms @ 100MHZ for 
FBI and 24 ohms for R3. Ql is a general purpose NPN transistor (BC847B). It takes 
the base vQltage from CI, drops the voltage by a base-emitter junction of -0.6V and 
applies it to the non-grounded side of R2. Assuming a base voltage of 1 . IS V, the 
emitter voltage is - 0.54V, 0.54V across the 27 ohm R2, sets a constant current of 
~20mA through the resistor. Assuming Ql is kept in the active region, the current in 
LED1 is now set at 20mA, or it's maximum rated DC value. By reducing the base 
voltage by 0.25V, the voltage on the emitter drops by 0.25V and the current in R2 
drops to ~10mA. This reduces the current in LED1 to -10mA. 

To provide the varying base voltage on Ql, a 0-3.3V D/A in Ul, the HDTV controller 
IC, is used. The D/A is basically a PWM with a base frequency of 33MHZ. The D/A 
is controlled by a 32-bit register (of which only 16 are used) allowing 64K steps. In 
the application, only 7 steps are required. To limit the maximum current to 20mA, 
the 0-3.3V output of the D/A is divided down by Rl and R5. With the D/A set to its 
maximum output, the base voltage is 1 . 15 V. The PWM output is integrated by the 
RC time constant of the parallel combination of Rl and R5 with CI being the 
integrating capacitor. The period of the PWM is roughly 30nsec. The RC time 
constant was chosen to be roughly 6usec. Any value less than 50msec would not 
cause any noticeable delay from the customer's standpoint. Due to the high speed of 
the PWM, Rl, R5 and CI need to be located right next to the PWM output pin. Qnce 
integrated, Ql can be located anywhere on the board. 

Due to Ql turning off if the base voltage is less than roughly 0.6V, high and low 
endpoints for the control range were added to the Eeprom and read by the software 
controlling the D/A. The programmable endpoints allow the minimum and maximum 
values to be set later in the design based on the particular diodes and transistors being 
used. The software then allows the number of steps in between the endpoint to 
generate roughly linear intervals in current. Based on the curves provided by the 
LED vendor, this should give roughly linear steps in light to the User. 

Autodetection: 

One key feature of the design is the ability to add or delete a User Top Light 
adjustment menu based on the presence of the Top Light diode on the FPA (front 
panel assembly keyboard). This feature eliminates the need to build separate 
controllers, one with a menu option to control the feature and one without. Another 
aspect of the invention is the use of a single wire for the control and the 
autodetection. In our application the keyboard, which is connected to the controller 
with a 10-pin cable assembly, only had one available wire. A Eeprom bit could have 
been used which could be programmed at the instrument level once the controller was 
mated with the FPA (keyboard). At that point the person on the construction line 
could write to the Eeprom using a Factory Remote to enable or disable the feature. 
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This technique has an inherent problem with replacement parts since the warehouse 
now has to stock two different versions that are only different by one menu. As a 
result, we chose to autodetect the presence of the diode. 

In our application, the presence of the diode is checked just after the controller is 
"booted". In the process of autodetection, the software sets the D/A to its minimum 
level and then reads the autodetect pin on an FPGA. In the upgraded version of the 
DM2CR controller, a spare pin was not available for the required autodetection so the 
existing keyboard scanning driver line was multiplexed. In the autodetect mode, the 
pin is set to an input and the value is stored in a register which is read by the 
microprocessor. After the autodetection is complete, the pin becomes the keyboard 
drive line which is controlled by another register in the FPGA. During the 
autodetection process, if the input line is > a logic 1 level (2V in our case), the LED is 
assumed to be present. If the input line is < 0.8V, it is assumed that the LED is not 
present and the menu option to control the level is not enabled. When the LED is 
present, the current through LED1 is low so the drop across the diode is roughly 
0.7V. As a result, the voltage on the cathode of LED1 is then roughly 4.3V. To 
prevent the 4.0V maximum input voltage on the FPGA from being exceeded, RIO 
(62K) and Rl 1 (100K) were added (see figure #3 at the end of this document). After 
going through RIO and Rl 1 , the voltage on the KD (the Top Light autodetection pin) 
is >2V. If the LED is not present on the keyboard, Rl 1 insures that the KD pin is 
pulled low. 

Light Intensity Variations: 

In order to reduce the variations in light output from LED1 due to base-emitter 
variations on Ql, R7 (2.4K) was added. R7 provides a guaranteed minimum amount 
of current through the collector of Ql. In our case, with a R7 value of 2.4K and the 
LED has an "on" voltage of ~2V. R7 forces a minimum of -1mA through the 
collector of Ql before the LED turns on. Ql can then be selected to have a specific 
minimum base-emitter voltage at 1mA. Without that minimum, there aren't any 
standard means of sorting the transistors and a wider base-emitter spread will result. 
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DM2CR Top Light Detect and Control 
Circuit 
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Figure 3 



